Purpose Fibular periosteal flaps have been used to address chronic lateral ankle instability, but there are no studies in the literature reporting functional outcomes after this particular procedure in high-demand athletes. We postulated that for chronic instability, nonanatomical reconstruction of the lateral ankle ligament with a fibular periosteal flap will return highdemand athletes to their previous levels of activity. Methods Forty patients who had grade III ankle sprain and experienced no success after a course of supervised conservative management lasting at least six months and who had a preinjury Tegner score of ≥6 underwent a lateral compartment reconstruction with a fibular periosteal flap. Each patient was given the Tegner and Karlsson questionnaire and was evaluated by the Zwipp method, Foot and Ankle Outcome Score (FAOS) and the American Orthopaedic Foot and Ankle Society (AOFAS) score at the six-month, one, two and three-year time points. Range of motion (ROM) of the affected ankle was assessed, and stress Xrays were performed. Mean patient age was 24.5 (range17-30) years, and no patient was lost to follow-up. Results Mean follow-up was 36 (minimum 18) months, mean Tegner scores at the one, two and three-year time points were 8.8, 8.9 and 8.9, respectively, and mean Karlsson scores were 93±5.2, 95±3.1 and 94.9, respectively. AOFAS and FAOS scores improved from a mean of 69.4 and 71.4, respectively, in the preoperative group to a mean of 97.2 and 94.4, respectively, at the last follow-up. The ROM was equal to the contralateral ankle in all but two patients at the two-year follow-up. No major complications were found.
Introduction
Ankle sprains are amongst the most common injuries in the highdemand athlete, with a majority of cases involving the lateral ligamentous complex. The ankle is the second-most common anatomical site for sprains after the knee [1] [2] [3] [4] [5] . Therefore, much has been written about operative and nonoperative treatment of severe ankle sprains and the possible secondary chronic instability of the ankle [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The majority of patients will improve after a treatment protocol involving a period of rest and physical therapy. Different studies show that 10-20 % of patients will have chronic symptomatic ankle instability [2, 7, 17] . In the field of sport traumatology, treating high-demand athletes with chronic ankle instability who have failed a course of supervised, aggressive physical therapy, poses a great challenge. This study shows results at a mean of three years follow-up of reconstruction on grade III chronic ankle sprains using a periosteal flap as a variant of a previous technique described by Rudert et al. [15] in highdemand athletes.
Patients and methods
From January 2004 to June 2009, 40 athletes who presented with chronic ankle instability due to a lateral complex lesion underwent operative treatment of nonanatomical reconstruc-tion with fibular periosteal flap. Of the 40 patients, 27 were men and 13 women. In 25 cases, the lesion was on the right side and in 15 on the left. Mean patient age was 24.5 (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) years, and mean follow-up was 36 (18-60) months. Only patients categorized as high-demand athletes were included in our study: 30 were professional; ten were nonprofessionals in high school or college. Sports involved were basketball, volleyball, soccer, track and field and others. All patients had grade III lateral ankle sprain. Thirty-eight patients were operated upon because they failed to improve after at least a full course of supervised conservative management that included rest, bracing, anti-inflammatory medications, proprioceptive training, ankle strengthening and formal physical therapy. Two patients where operated upon in the acute (four days) or subacute (15 days) phase because of an anterolateral capsular tear associated with the lateral ligamentous lesion. Each patient had a thorough history and physical examination. Range of motion (ROM) in both dorsiflexion and plantar flexion was performed subjectively by the operating surgeon on the injured ankle and compared with the contralateral ankle. Any decrease in ROM more than 5°from normal or more than 5°of difference from the contralateral ankle was documented. Provocative tests were performed on the injured ankle, such as the anterior drawer test, squeeze test and talar tilt test. All patients were evaluated pre-and postoperatively with stress X-rays to evaluate the anterior drawer test and talar tilt and talocalcaneal angle. A magnetic resonance imaging (MRI) scan was obtained before surgery to confirm the anterior talofibular ligament (ATFL) tear and a concomitant attenuation or tear at the calcaneofibular ligament (CFL) (present in 31 patients) and to determine whether there were any associated injuries or conditions, such as synovitis or osteochondral (OCD) lesions. Patients with associated lesions, such as synovitis, OCD lesions, bony avulsions or fractures, were excluded from our study.
Each patient was given a Tegner questionnaire at the initial visit to determine their preinjury and current or postinjury activity levels. Further inclusion criteria were a preinjury Tegner score 7 or more and an uninjured contralateral ankle: the mean preinjury Tegner score was 8.7(range 6-10), and mean postinjury Tegner score dropped to 5.4 (range 2-6). These patients underwent surgical repair of the lateral ankle ligament in which a fibular periosteal flap was used as a modification of the technique published by Rudert et al. [15] . Time to surgery averaged ten (range 15 days to two years) from the original injury. Postoperative results were evaluated using the method introduced by Zwipp et al., which includes both subjective and objective parameters. The AOFAS, FAOS and the Karlsson score were used [14] . All patients were evaluated pre-and postoperatively at three, six, nine and 12 months, then yearly with respect to the recovery to pre-injury activity level as the endpoint. All patients were treated with the same surgical technique performed by one of the two senior authors.
Surgical technique

A tourniquet is used during surgery to avoid bleeding
The surgical approach comprises a curved, L-shaped incision with an anterior concavity starting six centimetres proximally from the tip of the lateral malleolus, passing slightly posterior to the malleolus and ending about three centimetres distally from its tip to provide good exposure of the grafting site for the periosteal flap and for the ankle joint ( Fig. 1) The periosteal flap is isolated proximally to distally for about five centimetres and the maximum width possible to split it in two if CFL ligament reconstruction is needed (Fig. 2) .
The fibular flap is turned, and at the two distal angles, two 2-0 or 3-0 Vicryl sutures are placed to reinforce the insertion and avoid stripping from the fibula when the neoligament is tensioned.
ATFL reconstruction varies according to whether or not a residual ligament is present. If so, it can be overlapped by the periosteal flap, with the foot in eversion, and sutured with 3-0 Vicryl separated stitches after anchoring it to the talus with a 2.8-mm titanium anchor. If there is no residual ATFL, it will be recreated de novo with the fibular flap. In both cases, if the neoligament is long enough, it can be doubled by fixing it to the talus at half its length and then turning the distal half back on the fibula (Fig. 3) . Ligament fixation on the talus must be performed with the foot in slight eversion. Minor variations of the technique can be used according to the pathology found during surgery.
A lesion of the CFL ligament is usually complete and the ligament difficult to recognise. The posterior half of the doubled flap is fixed distally and slight posteriorly from the tip of the malleolus on the calcaneum with a 2.8-mm titanium suture anchor. During reconstructive manoeuvres, the foot is kept in eversion to maintain a slight overcorrection to retain tension in the reconstructed structures. When a capsular lesion is found, repair with reabsorbable 2-0 Vicryl sutures can be performed. The postoperative protocol comprises several phases:
-Immobilisation in a plaster cast with no weight bearing for three weeks -Weight bearing in a plaster cast for three weeks -Progressive ROM recovery starting from cast removal -Proprioceptive rehabilitation and muscle strengthening with isometric exercises first, then progressively isotonic, from day 50 postoperatively -Eccentric muscle strengthening from day 65 postoperatively -Beginning sport activity no earlier than four months postoperatively
Results
Thirty-eight athletes returned to their preinjury sports activity levels; two returned to a lower professional level compared with their preinjury status (men; soccer and basketball, respectively). Subjective evaluation according to Zwipp et al. [14] gave the following results: All patients returned to their preinjury Tegner scores of over 6 by the final follow-up. Mean Tegner scores at six months and one, two and three years were 7.9, 8.8, 8.9 and 8.9, respectively. Karlsson scores averaged 90±6.4, 93±5.2, 95±3.1 and 94.9 at six months and one, two and three years, respectively, starting from a mean preoperative score of 78.2. By 1.5 years, ROM was equal to the contralateral ankle in all but two patients who showed a decrease in dorsiflexion and plantar flexion of 5-10°, but subtalar motion was preserved.
There was no major complication, such as recurrence or neurovascular injuries. One patient had a superficial wound infection successfully treated with antibiotics given orally and requiring no surgical irrigation or debridement. Stress X-rays performed six months postoperatively showed a talar tilt angle of 2.7°(±0.5°) against a 16.5°(±2.5°) angle preoperatively, and a talar-calcaneal angle ranging from 10.8°(±1,6°) preoperatively to 2.8°(±0.5°).
Discussion
Here we report results obtained with a specific technique for reconstructing the lateral compartment of the ankle in a group of high-demand athletes. Different surgical techniques are published in the literature to treat these types of injuries. We used the well-known technique published by Rudert et al. [15] , which we slightly modified and adapted to the different anatomical conditions found at surgery. A recent metaanalysis [18] showed an advantage of surgery over conservative treatment in four areas: return to preinjury level, recurrence, chronic pain and subjective or functional instability. In high-demand patients, reducing these complications is of paramount importance, especially for professional athletes, which is the reason surgical treatment is mostly used in such patients. A paper by Li et al. [19] stresses three key points: return to preinjury level, need to use specific criteria to evaluate outcome, and reduction of comorbidity such as reduced subtalar motion and possible deterioration of function. Concerning this last point, those authors promote an anatomical technique that shows very good results.
Different studies show the advantages of using a nonanatomical technique, such as Watson-Jones or ChrismanSnook reconstructions [15, [20] [21] [22] [23] [24] [25] , for high-demand athletes. In our study, we used five different scores in an attempt to compare results with those of the different studies published. We also decided to perform stress X-rays as an objective instrumental evaluation of outcomes [9] . All 40 of our patients were rated on the Tegner scale as 6 or more based on preinjury Fig. 3 If a residual ligament is present, it can be overlapped by the periosteal flap, with the foot in eversion, and sutured with Vicryl 3-0 separated stitches after anchoring it to the talus with a 2.8-mm titanium anchor. If there is no residual anterior talofibular ligament (ATFL) it will be recreated de novo with the fibular flap. In both cases, if the neoligament is long enough, it can be doubled, fixing it to the talus at half of its length and then turning the distal half back on the fibula activity; 40 of 40 returned to that level of competition. Mean one and two year follow-up Karlsson scores rated functional results as good to excellent. Furthermore, ROM was well maintained in our study group. Only two patients had decreased ROM in plantar flexion and dorsiflexion of 5-10°, as measured on follow-up: their Tegner scores were greater than 6 and their Karlsson ankle scores over 90; they returned to their previous level of activity. No patient lost subtalar motion. Therefore, we believe that a decrease in ROM may not adversely affect the functional level.
Our results are not in line with the study published by Krips et al. [26] , who compared anatomical versus nonanatomical repair for lateral instability in high-demand athletes. They found that anatomical repair resulted in significantly less-restricted ankle ROM in dorsiflexion (three vs 15 patients) and returned more athletes to their previous activity levels compared with the tenodesis group. Also, the number of patients rated good or excellent by the scoring system of Good et al. was significantly higher (36 vs 21 patients) in the anatomical repair group. A study published by Karlsson et al. [8] showed very good results after three years using a simple anatomical technique of shortening and reinserting the lateral ankle ligament. Although results were good to excellent results in 88 % of patients, the technique was not applied to high-demand athletes in whom, in our opinion, it could be less forgiving. The authors also conclude that this method should be used with great care in patients with generalised joint hypermobility or in patients with long-standing ligament insufficiency.
Our result are comparable with those presented by Li et al. [19] and Messer et al. [27] who found no evidence of instability on physical examination or stress radiographs in 14 of their 16 patients who underwent the modified Broström procedure with suture anchors for lateral ankle instability. Longterm follow-up of the Gould-modified Broström procedure also showed good to excellent results in all patients by Ferkel and Chams [28] at 60-months' follow-up. In our study only two patients did not reach the same preinjury activity level but as professional athletes were able to return to high-level professional activity in a lower league.
To our knowledge, this is the first study to evaluate results of using the fibular periosteal flap technique on high-demand athletes with chronic lateral ankle instability; a similar study by Sjolin et al. [24] in 1991 showed a high percentage of positive results, but the study group was not composed exclusively of high-demand athletes.
There are some disadvantages of this technique, which are basically related to the postoperative protocol, which requires six weeks of plaster casting to allow the process of ligamentisation of the periosteal flap. The theoretical possibility of failure in this process of ligamentisation did not occur in our experience, as we found no recurrence or failure. The biggest issue surrounding the actual surgical technique is to obtain a good flap and to protect it from stripping of the distal end before overlapping it.
Another important phase of the procedure is flap fixation and tensioning, which must be performed in a slight overcorrection. The advantage of this nonanatomical reconstruction technique is the possibility of avoiding complications and functional problems associated with other nonanatomical techniques, which moves some authors towards developing improved anatomical techniques [8, 14, 15, 19, 20, 29, 30] .
According to results of our study, we can state that this technique produces results comparable with results of other nonanatomical techniques published in the literature and that are still considered by many authors to be the gold standard in high-demand athletes. As results were maintained at five years follow-up (mean three years) allows the possibility of guaranteeing to such patients the safe continuation of their careers.
Conclusions
Reconstructing the lateral ankle compartment with a fibular periosteal flap is, in our experience, a safe and reliable surgical solution to chronic lateral ankle instability in high-demand athletic patients and has a low complication and recurrence rate. The main goal for high-demand athletes is recovery to sport activity at the preinjury level, especially for professionals, and the possibility of maintaining or improving that activity level. According to our results, the technique appears to be a reliable compromise between anatomical and nonanatomical techniques for obtaining stability, recovering ROM and returning the patient to the preinjury level of activity. It is, however, important that specific attention be given to an appropriately designed postoperative protocol.
